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Abstract 
Lignocellulosic biomass is a valuable feedstock for the production of liquid biofuels. 
However, liquid biofuel production from lignocellulose is economically challenging due 
to the difficulties associated with separating the cellulosic sugars from lignin. In addition, 
the current thermochemical methods to deconstruct lignocellulose typically involve 
hazardous chemicals that can negatively impact the environment. Recent studies have 
demonstrated the efficacy of white-rot fungi as alternative pretreatment agents that can 
lower the costs of lignocellulose deconstruction and reduce negative impacts on the 
environment. However, understanding of the biochemical mechanisms of lignocellulose 
breakdown used by these fungi is limited, particularly with respect to the response of 
these fungi to different feedstocks. To that end, this thesis describes the use of RNA-Seq 
technology to explore the transcriptome of the model white-rot fungus, Phanerochaete 
chrysosporium, after five weeks of growth on a hardwood (maple) and an energy grass 
(miscanthus). The results suggest that the fungus responds uniquely to maple and 
miscanthus, despite both substrates having common lignocellulosic features. Among the 
transcripts that were differentially regulated between miscanthus and maple include 
enzymes known to be involved in biomass deconstruction, such as manganese peroxidase 
and glycoside hydrolase. However, there were also several transcripts that were highly 
expressed by the fungus when growing on miscanthus compared to maple (and vice 
versa) that had unknown functions. These substrate-specific transcripts may have 
important roles in biomass breakdown, which could be used industrially to improve the 
efficacy of lignocellulose deconstruction. However, future studies are necessary to 
elucidate the function of these unknown proteins. 
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1. INTRODUCTION 
Biofuel can be defined as energy derived from organic matter, which includes animal 
waste and plant materials. The energy derived from biofuels is referred to as bioenergy, 
and it is the primary power source in developing countries (Gasparatos et al. 20 1 3). 
Biofuels have recently risen to public consciousness in the Western world due to 
plummeting petroleum reserves and the increasing demand for energy by the world's 
growing population. Biofuels are also attractive as an alternative source of energy due to 
the rising prices of fossil fuels (Bravo et al., 20 1 2). The added awareness of global 
warming and climate change because of carbon emissions from these fossil fuels have 
further driven the urgency to produce environmentally-sustainable biofuels. 
Lignocellulosic biomass, such as miscanthus, switchgrass, and trees, are regarded 
as energy crops since they can be cultivated specifically for the production of bioenergy 
(Somerville et al., 20 1 0). These crops represent a long-term and sustainable energy 
source where surplus energy can be stored for future use after harvest (Heinicke, 20 1 5). 
This is in contrast to wind and solar power, which provide energy intermittently. These 
energy crops are also easy to care for because they require little or no pesticides, are not 
dependent upon fertilization, do not require supplemental water in many regions in the 
United States, and are tremendous producers of biomass (Brosse et al., 20 1 2; Canam et 
al., 20 1 3a). In addition, these lignocellulose-based energy crops cannot be used as a 
direct food source, thereby partially mitigating the food versus fuel dilemma encountered 
with starch-based ethanol production. 
The lignocellulose chemical structure is composed of hemicellulose, lignin, and 
cellulose, which are key components of plant cell walls (Harris et al., 201 0; Templeton et 
1 
al., 20 1 0). Cellulose is a molecular polymer made up of glucose linked in a �- 1 ,4 
configuration, and is the most abundant of the three components (Figure 1 ). Similarly, 
hemicellulose is an important carbohydrate-rich element in plant fiber materials (Harris et 
al., 20 1 O; V anden Wymelenberg et al., 20 1 1 ;  Zhang et al., 201 7). However, the structure 
and monosaccharide composition of this heteropolymer varies in different plants. Lastly, 
lignin is an organic polymer that encapsulates cellulose and hemicellulose (Aleksandrova 
et al., 1 998; Boerjan et al., 2003). Lignin is composed of phenyl propane units nonlinearly 
and randomly linked through a variety of strong covalent bonds, such as �-0-4 linkages 
(Figure 1 ). 
The relative abundance and composition of cellulose, lignin, and hemicellulose 
vary from one plant species to another. Additionally, the ratio between these different 
polymers within a single plant differs with a number of conditions, such as growth stage 
and age (Bajpai, 20 1 6). In particular, the monosaccharide composition of hemicellulose 
varies in composition between different plants. For example, glucuronoarabinoxylans are 
prominent in grasses while glucuronoxylans are more abundant in hardwoods 
(Holtzapple, 2003). Major differences in lignin structure can also be observed between 
plant species, especially with respect to the relative abundance of syringyl (S) lignin 
compared to guaiacyl (G) lignin (Robinson and Mansfield, 2009), with the S :G ratio in 
grasses typically much lower than the S :G ratio of hardwoods (Kalinoski et al., 20 1 7). 
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Figure 1. Structure of lignocellulose. Image courtesy of Potters et al. (2010). 
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Despite the great promise of lignocellulosic biomass as a source of bioenergy due 
to the type and abundance of valuable carbon molecules (e.g. glucose), the material is 
notoriously recalcitrant to deconstruction (Cheng and Timilsina, 20 1 1 ) .  This is in large 
part due to the covalent linkages within lignin and between lignin and hemicellulose. 
These strong chemical bonds enable the rigidity necessary for plant cells to maintain 
turgor pressure, have structural support, and defend against herbivory and microbial 
infection. However, these same chemical bonds also prevent human society from easily 
deconstructing lignocellulose, where harsh chemicals and high heat and pressure are 
often required to separate the valuable components in a process known as pretreatment. 
The majority of pretreatment technologies focus on destabilizing lignin, which 
allows cellulose (i.e. glucose) to be recovered for the production of fermentation-derived 
fuel (e.g. ethanol) . Pretreatment of lignocellulosic biomass can be carried out physically, 
chemically and/or biologically (Canam et al., 20 1 1 ; Sun and Cheng, 2002). Although 
thermochemical-based pretreatment strategies are effective, they come with an economic 
and environmental cost (Cheng and Timilsina, 20 1 1 ) .  Biological pretreatments are 
therefore being explored as environmentally benign alternatives. An example of 
biological pretreatment is the use of white-rot fungi. 
Fungal pretreated biomass has various applications, which include bio-pulping, 
bio-bleaching, and the production of biofuels (Canam et al., 20 1 3b). Phanerochaete 
chrysosporium is one of the most effective species of white-rot fungi for pretreatment 
because it can degrade the aromatic lignin polymer with minimal effects on cellulose 
content (Brambl and Marzluf, 2004). Specifically, Phanerochaete chrysosporium 
produces enzymes that allow breakage of the complex three-dimensional structure of 
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lignin into smaller components (Betts, 1 99 1  ). To achieve this, the fungus produces non­
specific oxidizing materials, such as hydrogen peroxide and hydroxyl radicals, which are 
instrumental in cleaving lignin bonds (Wittich, 1 998). The production of hydrogen 
peroxide by fungal redox enzymes (e.g. glyoxal oxidase) culminates in the production of 
hydroxyl radicals. These oxidizing species result in downstream reactions, causing 
covalent bond cleavage in lignocellulosic structure. Similarly, phenol oxidase (laccase) 
catalyzes nonspecific breakage of covalent bonds in lignocellulose through single 
electron oxidations, although the exact mechanisms behind these chemical reactions are 
poorly defined. An additional set of enzymes called peroxidases (PODs) also contribute 
to delignification (Canam et al., 20 1 3b). 
Previous research has demonstrated the effectiveness of using white-rot fungi for 
pretreatment of biomass (MacDonald et al., 201 1 ;  Martinez et al., 2009; Sato et al., 2009; 
Vanden Wymelenberg et al., 20 1 0), including miscanthus and hardwood (Kalinoski et 
al., 20 1 7); however, the biochemical mechanisms involved in biomass deconstruction are 
poorly understood, particularly with respect to grasses. In the current study, two 
dedicated bioenergy crops, miscanthus (a woody grass) and maple (a representative 
hardwood) were used to evaluate the transcriptome (i.e. gene expression response) of the 
white-rot fungus, Phanerochaete chrysosporium, to these lignocellulosic feedstocks. The 
biochemical response by the fungus to a monocot (miscanthus) and dicot (maple) has 
shed light on the ability of this fungus to recognize different forms of lignocellulose. In 
addition, several potentially novel genes and enzymes were revealed from this study that 
may play important roles in lignocellulose deconstruction. 
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2. MATERIALS AND METHODS 
2.1 Fungal Strain and Culturing 
Phanerochaete chrysosporium (VKM F-1 767) was purchased from the American Type 
Culture Collection (ATCC) in Manassas, VA, as ATCC 24725. Fungal mycelia were 
maintained at room temperature on malt extract agar by subculturing to fresh media 
under sterile conditions every 7- 1 0  days. 
2.2 Biomass Sources 
The maple wood chips used in this experiment were purchased from J.C.'s Smoking 
Wood Products. The miscanthus (Miscanthus x giganteus cv. Illinois) used in this 
experiment was grown and harvested in Pesotum, IL, by a local farmer. The wood chips 
and miscanthus straw were autoclaved for 1 5  minutes ( 1 2 1 °C) in autoclave bags prior to 
inoculation. 
2.3 Biomass Inoculation 
P. chrysosporium was grown on a total of 1 20 Petri plates containing malt extract agar 
until the media was covered by a layer of mycelia (approximately seven days). The 
fungal biomass was then scraped from the surface of all of the plates and combined in a 1 
L beaker. The mycelia were then macerated in 500 mL of malt extract broth using a 
handheld mixer using five sequential 5-second pulses. This slurry was then added to 2.5 
L of malt extract broth in a 5 L autoclavable bucket. The broth containing the macerated 
mycelia was incubated at 1 00 rpm at room temperature for four days. The fungal biomass 
was then filtered from the broth using a 0.45 µm mesh screen, and rinsed with 1 L of 
autoclaved water. The rinsed fungal biomass was added to 1 000 mL of water and mixed 
gently. Approximately 1 00 mL of this mixture was added to each of eight ethanol-
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sterilized containers (Glad L 64 OZ) containing approximately 200 g of maple chips or 
40 g of miscanthus straw (described above). A drill was used to create holes of 60 mm 
diameter on opposite sides of each container, which were sealed with Micropore tape 
(3M). The containers were sealed with lids and shaken for 1 0- 1 5  s to mix the inoculum 
with the biomass. The cultures were kept at room temperature in the dark for five weeks. 
2.4 RNA Extraction 
2.4. 1 Maple and Miscanthus 
After five weeks of growth (Figure 2), approximately 20 mL of biomass covered in fungi 
was removed from the containers and added to grinding tubes that had been pre-chilled 
with liquid nitrogen. A pre-chilled metal cylinder was added to each tube, which was 
subsequently capped and submerged in liquid nitrogen for 5 min. The frozen material was 
then ground to a fine powder using a SamplePrep 6870 (SPEX) set at 1 4  cycles per 
minute for 4 min. After grinding, the RNA was extracted using a robust extraction 
procedure described by Kolosova et al. (2004) that was developed for woody plant 
material. For this procedure, 20 mL of extraction buffer [200 mM Tris, pH 8.5, 1 .5% 
lithium dodecylsulfate, 300 mM Li Cl, 1 0  mM disodium EDTA, 1 % (w/v) sodium 
deoxycholate, 1 % (w/v) Tergitol NP40, 5 mM thiourea, 1 mM aurintricarboxylic acid, 10 
mM dithiothreitol, and 2% (w/v) polyvinylpyrrolidone] was added to approximately 5 
mL of milled biomass in a 50 mL centrifuge tube. The solution was shaken and then 
frozen at -80 for 1 h. 
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Figure 2. Maple chips (a) and miscanthus straw (b) five weeks after inoculation 
with P. chrysosporium. 
After thawing, the extract was centrifuged at 3000 rpm for 20 min at 4°C and the 
supernatant collected in a new 50 mL tube by filtering through two sheets of Kimwipe. 
One thirtieth of a volume of 3 .3 M sodium acetate (pH 6.1) and 0.1 volume of 100% 
ethanol were added to the solution, which was then mixed by inverting and centrifuged at 
3000 rpm for 30 min at 4°C to precipitate carbohydrates. The resulting supernatant was 
transferred to a new 50 mL tube. One-ninth volume of 3.3 M sodium acetate (pH 6.1) and 
0.6 volume of ice-cold isopropanol were added to the supernatant, which was then mixed 
by inverting before being stored at -80 °C overnight. 
The samples were then thawed and centrifuged at 3000 rpm for 45 min at 4°C to 
pellet RNA. The supernatant was discarded, and the pellet was resuspended with 3 mL of 
TE and 3 mL of 5 M NaCl. The solution was vortexed periodically on ice until the RNA 
was fully dissolved (about 30 min). To further capture polysaccharides from the solution, 
1.5 mL of 10% CT AB was added to the solution, which was then incubated for 5 min at 
65°C. After cooling briefly, an equal volume of 24:1 chloroform:isoamyl alcohol was 
added to the solution, which was mixed by inversion before being centrifuged at 3000 
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rpm for 5 min at 4°C. The top layer was carefully transferred to a new 50 mL tube, where 
an equal volume of 24:1 chloroform:isoamyl alcohol was added to the solution before 
centrifuging at 3000 rpm for 5 min at 4°C. The top layer was transferred to a 15 mL tube 
before 0.25 volume of 8 M LiCl was added and mixed by inversion. 
After freezing the solution at -20°C overnight, the solutions were thawed and 
centrifuged at 3000 rpm for 30 min at 4°C. The resulting pellets were resuspended in 0.7 
ml of TE, vortexed and placed on ice for 30 min. The RNA solution was then transferred 
to a 1.5 mL microcentrifuge tube, and 0.63 ml of cold isopropanol (0.9 volume) was 
added with 70 µL of 3.3 M sodium acetate (pH 6.1). After mixing by inversion, the tubes 
were placed at -20°C for 1 h, thawed, and centrifuged at 14,000 rpm for 30 min at 4°C. 
The supernatant was discarded and the pellet was rinsed with 1 mL of 70% ethanol 
before being centrifuged at 14,000 rpm for 4 min at 4°C. The ethanol was carefully 
removed and the pellet was allowed to air-dry for 10 min. The RNA pellet was finally 
resuspended in 50 µl ofDEPC-treated water. 
2.4.2 Plate Culture 
The mycelia of Phanerochaete chrysosporium were scraped from malt extract plates 
(Figure 3) and macerated using a mini pestle in a 1.5 mL microcentrifuge tube after 
freezing in liquid nitrogen. The powder was then resuspended in TRizol solution 
(Invitrogen) before the RNA was purified using a standard chloroform-based extraction 
procedure according to the manufacturer's instructions. The RNA pellet resuspended in 
50 µl of DEPC-treated water. 
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Figure 3. Phanerochaete chrysosporium after 7 days of growth on a malt 
extract agar plate. 
2.5 Determination of RNA Quantity and Quality 
RNA from both extraction methods was quantified using a NanoDrop Lite instrument 
(Thermo Scientific) and diluted to approximately 100 ng/µL using DEPC-treated water. 
The diluted RNA samples were then analyzed using an Experion Automated 
Electrophoresis Station (Bio-Rad) with a Standard Sensitivity RNA chip (Bio-Rad). 
According to standards recommended by the manufacturer, samples with RNA Quality 
Indicator (RQI) scores of 7 /10 and higher were considered to be of sufficient quality for 
subsequent sequence analysis. 
2.6 Transcriptome Sequencing 
For each sample, a total of 1 µg of RNA in DEPC-treated water was submitted to the Roy 
J. Carver Biotechnology Center at the University of Illinois at Urbana-Champaign 
(Urbana, IL). The samples were multiplexed onto a single lane of a HiSeq 4000 system 
(Illumina), which generated single-end reads of 150 nucleotides. 
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2. 7 Data Analysis 
The raw sequences from the HiSeq 4000 system were processed as fastq files using the 
ArrayStar program of DNASTAR software. Transcripts were identified using the P. 
chrysosporium RP-78 v2.2 annotation file available from the Joint Genome Institute 
(JGI), and abundances were reported as reads per kilobase of transcript per million 
mapped reads (RPKM) values. The annotated data were then transferred to Excel 
(Microsoft) for further processing and graphing. The Excel add-on software program 
XLSTAT was used to create heatmaps with hierarchical clustering analysis. 
3. RESULTS AND DISCUSSION 
3.1 RNA Extraction and Sequencing 
RNA was extracted from three replicates of P. chrysosporium grown on miscanthus and 
maple for five weeks using a custom phenol/chloroform extraction procedure designed 
for woody species (Kolosova et al., 2004). RNA from three replicates of P. 
chrysosporium grown on solid media (control samples) was extracted using the TRizol 
method (Invitrogen) because the robust extraction method used for miscanthus and maple 
resulted in poor RNA yields with these same samples. Negative controls were prepared 
from miscanthus and maple without P. chrysosporium growth; however, RNA was 
undetectable (data not shown), which was expected from material that had been harvested 
several months prior. 
The nine RNA samples (three from maple, three from miscanthus, and three from 
agar plates) were assessed for quality and concentration using an Experion Automated 
Electrophoresis system. The combined digital gel image of these nine RNA samples is 
1 1  
shown in Figure 4, where two dark bands representing 28S/26S and 1 8S rRNA were 
clearly observed. The RQI (quality) scores ranged from 7.4- 1 0.0, which indicated high 
quality. Fungi RNA extracted from the fungus grown on maple had the highest score of 
1 0, while the lowest score of 7.4 belonged to P. chrysosporium grown on agar plates. All 
nine RNA-Seq libraries were prepared using TruSeq Stranded mRNAseq Sample Prep kit 
(Illumina), and sequenced using the HiSeq 4000 system (Illumina) at the Roy J. Carver 
Biotechnology Center at the University of Illinois at Urbana-Champaign. The RNA-Seq 
analysis generated 406,368,945 reads across the nine samples, with an average of 
45, 1 52, 1 05 reads per sample (Table 1 ). 
3.2 Broad Expression Patterns 
DNAST AR software was used to process and annotate the reads across all samples. The 
final data (as RPKM values) was transferred to Excel for further analysis. The data were 
screened for transcripts with a total RPKM value across all nine samples of less than 3.0 
(extremely low values), which were then removed from further analysis in all cases. Log 
plots were used to holistically examine gene expression patterns between the three types 
of fungi samples (grown on miscanthus, maple, plate) by comparing the average RPKM 
values for each transcript. Transcript abundance that is identical between two samples 
will result in a data point that is on the central diagonal line, while abundance that varies 
between samples is indicated by data points either above or below the central diagonal 
line. Comparisons between either of the lignocellulosic substrates and the agar plate 
(Figures 5 and 6) showed relatively high variability in gene expression compared to the 
gene expression differences between maple and miscanthus (Figure 7). This suggests that 
P. chrysosporium gene expression is more similar when growing on miscanthus and 
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maple than when growing on the malt extract agar plate. This observation was expected 
given the challenge of deconstructing lignocellulosic material compared to the readily 
accessible carbohydrates of the agar plate. 
To further examine gene expression differences between the three sample types, a 
heatmap was prepared using all transcripts across all nine samples (Figure 8). The 
dendrogram (from hierarchical clustering) on the top of this heatmap mathematically 
shows the relative gene expression similarities between the three groups. Notably, the 
miscanthus and maple samples were placed in the same cluster, while the agar plate 
samples were the outgroup (Figure 8). This pattern corresponds to that observed with the 
log plots, which suggested that the fungal expression patterns of miscanthus and maple 
had more similarities than either of these lignocellulose samples to the agar plate. In 
addition, the dendrogram indicates that the expression patterns of each of the replicates 
within a sample type are more similar to each other than to replicates from the other 
sample types (Figure 8). This relative agreement in gene expression between replicates 
provided confidence in the data set. 
3.3 Differential Expression Analysis 
3.3.1 Lignocellulose Substrates Compared to the Agar Plate 
The average RPKM values for each transcript was determined for each sample type to 
explore major differences in gene expression. This was done by dividing the average 
RPKM value for a transcript from one sample by that of another. The ranking feature of 
Excel was then used to sort transcripts by largest differences in gene expression between 
sample types. A threshold of 30X greater expression was used for comparisons between 
the agar plate samples and either maple or miscanthus to limit the number of transcripts 
1 3  
to be analyzed. This resulted in 55  transcripts with at least 30X higher expression when 
the fungus was growing on maple compared to the agar plate (Figures 9 and 1 0). By 
comparison there were 69 transcripts with at least 30X greater expression in miscanthus 
compared to the agar plate (Figures 1 1  and 1 2). Many of the transcripts that were highly 
expressed on either lignocellulosic substrate compared to the agar plate are putatively 
involved in the breakdown of lignocellulose (as identified using BLAST databases), 
which is expected because the agar plate did not contain lignocellulose. In both 
comparisons, the majority of transcripts were identified using BLAST searches as 
hypothetical proteins (i.e. previously identified as being transcripts for a protein without a 
function being assigned), along with some transcripts that did not show significant 
similarity with any sequences in BLAST databases (labeled as unknown). Both 
categories of transcripts are expected to contain proteins involved with lignocellulosic 
breakdown, but this is only speculation until functional characterization studies are 
conducted with these sequences. 
3.3.2 Comparisons Between Maple and Miscanthus 
As indicated by holistic expression analyses using log plots and heatmaps (see section 
3 .2), gene expression differences between maple and miscanthus were less dramatic than 
comparisons between either lignocellulosic source with the agar plate. As described 
previously, the agar plate contains readily accessible metabolites, while maple and 
miscanthus represent significant challenges for the fungus, so the relative similarity of 
gene expression among the lignocellulosic substrates is expected. Unlike the comparisons 
between the lignocellulose substrates and the agar plate, the comparisons between maple 
and miscanthus did not have a single transcript with gene expression differences greater 
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than 30X. When comparing transcripts that are more highly expressed on maple than 
miscanthus, the greatest difference was approximately 26X higher. Among those 
transcripts more highly expressed in miscanthus compared to maple, the greatest 
difference was approximately 1 8X higher. To limit the number of transcripts to be 
examined in greater detail, transcripts with an expression difference of 5X or greater were 
further analyzed. 
There were 67 transcripts with RPKM values 5X or greater in maple compared to 
miscanthus (Figures 1 3  and 1 4  ), and 40 transcripts with 5X greater expression in 
miscanthus compared to maple (Figures 1 5  and 1 6). As with comparisons to the agar 
plate, many of these highly differentially regulated transcripts are putatively involved 
with lignocellulosic deconstruction (e.g. peroxidases). There were also some transcripts 
with identities that were unexpected and unique to a particular substrate. For example, 
among those transcripts that were highly expressed on miscanthus compared to maple 
(Figure 1 6) were malate synthase, lactate dehydrogenase, and phosphoenolpyruvate 
carboxykinase, which were not expected to be differentially expressed by the fungus 
because of the involvement of these enzymes with basal metabolism, such as 
gluconeogenesis (Hynes et al., 2002). 
In addition, more than 75% of transcripts with 5X or greater expression in maple 
compared to miscanthus were classified as either unknown or hypothetical. By 
comparison, about 30% of the highly expressed transcripts in miscanthus compared to 
maple were unknown or hypothetical. In either case, at least some of these unknown or 
hypothetical proteins are expected to be involved in lignocellulosic biomass 
deconstruction, with some that may be specific to the unique challenges faced with 
1 5  
deconstructing maple or miscanthus. Notably, the three most highly upregulated 
transcripts in miscanthus compared to maple were hypothetical proteins (JGI transcript 
numbers 3036878, 3030359, and 3025577). However, as stated previously, functional 
characterization of these proteins is necessary to determine whether these proteins are 
directly involved with lignocellulose deconstruction. 
4. CONCLUSIONS 
This study demonstrated that the white-rot fungus Phanerochaete chrysosporium is able 
to utilize miscanthus (an energy grass) as a lignocellulosic substrate, which had not been 
previously described in the literature. This research also revealed that P. chrysosporium 
responds similarly to miscanthus and maple at the transcript level, although there were 
many transcripts that were uniquely upregulated when the fungus was growing on 
miscanthus or maple. Among those transcripts were several that were poorly annotated in 
existing databases, which may encode proteins of great importance with respect to the 
deconstruction of these substrates. These novel proteins could be used directly by 
industrial processes utilizing biomass as a feedstock for bioenergy and/or bioproducts. 
However, further studies will be required to functionally characterize these proteins and 
determine if they are directly involved with the breakdown of lignocellulosic biomass. 
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Figure 4. Digital gel image using an Experion Automated Electrophoresis System (Bio-
Rad) of P. chrysosporium RNA after five weeks of growth on miscanthus (1-3), maple 
(4-6), and malt extract agar (7-9). RNA from a mouse (10-12; Bio-Rad) were positive 
controls. The ladder (L) was composed of RNA fragments measured in base pairs. The 
dark band at approximately 3000 bp represents the 28S/26S rRNA subunit, while the dark 
band at approximately 1800 bp represents the 18S rRNA subunit. 
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Table 1. The number of sequencing reads for each RNA sample of P. chrysosporium 
after five weeks of growth on malt extract agar (plate), miscanthus, and maple. 
Sample Number of Reads 
Plate 1 44,300,949 
Plate 2 42,030,046 
Plate 3 36,999,519 
Miscanthus 1 45,382,698 
Miscanthus 2 45,960,644 
Miscanthus 3 56,936,660 
Maple 1 47,185,936 
Maple 2 42,672,098 
Maple 3 44,900,395 
Total 406,368,945 
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Figure 5. Average RPKM values (Log2 transformed) for all P. chrysosporium 
transcripts after five weeks of growth on either miscanthus or malt extract agar 
(plate). Data points on the diagonal line represent transcripts with identical 
expression values with both sample types. 
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Figure 6. Average RPKM values (Log2 transformed) for all P. chrysosporium 
transcripts after five weeks of growth on either maple or malt extract agar (plate). 
Data points on the diagonal line represent transcripts with identical expression 
values with both sample types. 
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Figure 7. Average RPKM values (Log2 transformed) for all P. chrysosporium 
transcripts after five weeks of growth on either miscanthus or maple. Data points 
on the diagonal line represent transcripts with identical expression values with both 
sample types. 
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Figure 8. Heatmap of all transcripts from P. chrysosporium after five weeks of 
growth on malt agar plate (P), miscanthus (Mi), and maple (M). Dendrograms 
represent hierarchical cluster analyses generated using XLSTAT. 
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Figure 9. Heatmap of the 55  transcripts from P. chrysosporium with 30X or greater 
expression when growing on maple (M) compared to malt extract agar (P), with 
those from miscanthus (Mi) shown for comparison. Dendrograms represent 
hierarchical cluster analyses generated using XLSTAT. 
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Figure 10. The identity of the 55  transcripts from P. chrysosporium with 30X or 
greater expression when growing on maple compared to malt extract plate. 
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Figure 11. Heatmap of the 69 transcripts from P. chrysosporium with 30X or 
greater expression when growing on miscanthus (Mi) compared to malt extract agar 
(P), with those from maple (M) shown for comparison. Dendrograms represent 
hierarchical cluster analyses generated using XLSTAT. 
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Figure 12. The identity of the 69 transcripts from P. chrysosporium with 30X or 
greater expression when growing on miscanthus compared to malt extract plate. 
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Figure 13. Heatmap of the 67 transcripts from P. chrysosporium with 5X or greater 
expression when growing on maple (M) compared to miscanthus (Mi), with those 
from malt extract agar (P) shown for comparison. Dendrograms represent 
hierarchical cluster analyses generated using XLSTAT. 
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Figure 14. The identity of the 67 transcripts from P. chrysosporium with 5X or 
greater expression when growing on maple compared to miscanthus. 
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Figure 15. Heatmap of the 40 transcripts from P. chrysosporium with 5X or greater 
expression when growing on miscanthus (Mi) compared to maple (M), with those 
from malt extract agar (P) shown for comparison. Dendrograms represent 
hierarchical cluster analyses generated using XLSTAT. 
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Figure 16. The identity of the 40 transcripts from P. chrysosporium with 5X or 
greater expression when growing on miscanthus compared to maple. 
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